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Co-Cr  layers for the perpendicular recording mode were deposited by means of  
r.f. sputtering under suitable condit ions in an argon plasma. The films were 
character ized structural ly by X-ray and electron microscopy and the magnetic 
propert ies were determined with a vibrating sample magnetometer  and by torque 
measurements.  
The influence of some sputter parameters on the structural and magnet ic  
propert ies are discussed. Even very thin layers show a high h.c.p. [001 ] or ientat ion on 
several substrates. The in-plane magnetic remanence Sil (=  Mr/M~)  is very small 
(about 4~/u). As will be shown in Part  II the magnetic an isotropy is caused by crystal 
anisotropy.  The correlat ion between the h.c.p, c axis or ientat ion and S~l supports 
this conclusion. The growth mechanism of the layer is discussed. 
1 . INTRODUCTION 
Thin ferromagnet ic films with perpendicular  magnet izat ion have been pro- 
posed for high density recording and are considered to be superior to films 
magnet ized in the longitudinaI mode t-3. Cobalt  has a large magnetocrystal l ine 
uniaxial an isotropy in the direction of the h.c.p, c axis. In the course of  developing a 
medium with perpendicular  magnet ic  an isotropy several cobalt  metal alloys have 
been developed 4" ~. Up  to now sputtered Co-Cr  films have been accepted as the alloy 
films with the best properties for high density recording. These properties, of course, 
depend on the r.f. sputtering condit ions as has been discussed by several 
researchers 6 8. New results from standstill recording experiments on our sputtered 
Co Cr films have recently been publ ished 9. 
In this paper (Part  I) we describe the structural properties of our films which are 
made by using optimized sputter parameters  with various substrates. The typical 
development of the structure of the Co-Cr  layers was studied in detail by X-ray 
diffraction and X-ray rocking curve techniques, special attent ion being paid to the 
initial layer (25 nm or less). Fur thermore  transmission electron microscopy (TEM) 
and scanning electron microscopy (SEM) techniques Were used for the s tudy0f  bot h 
the morpho logy  and the growth processes of the crystallites. 
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2 .  PREPARATION OF  THE F ILMS 
A Leybo ld -Heraeus  Z400 commercia l  r.f. sputter ing system was used. The 
most  impor tant  condit ions for reproducible deposit ion of films are listed in Table 
I. Two types of target were used for produc ing Co-Cr  layers, namely a mult i target 
(cobalt target covered with 13 round chromium pieces) and an al loyed target 
(Materials Research Company) .  Using the standard condit ions ment ioned in Table I 
we obta ined layers with a chemical compos i t ion  of 15 at.~/o Cr for the mult itarget and 
19 at.~/o Cr  for the al loyed target. The chemical composi t ion and the film thickness 
were determined by X-ray fluorescence 1°. No  significant variat ion in the chemical 
compos i t ion  was measured over an area of 5 cm 2 in the centre of the substrate 
holder. T--his is reflected by the constant  value of the saturat ion magnet izat ion M~ 
which is strongly dependent on the composi t ion.  
TABLE I 
SPUTTER CONDITIONS 
Background pressure  < 10 7 mbar  
Ar  p ressure  4 × 10-  a mbar  
R,f. vo l tage  1.6 kV  
R.f. cur rent  225 mA 
Depos i t ion  ra te  2.2 ~t s 1 
Target -subst ra te  d i s tance  50 mm 
Target  d iameter  100 mm 
Subst ra te  ho lder  temperature  Ambient  (water  coo led)  
In order to obtain reproducible layers of high qual ity the following procedure is
used. 
(i) The bell-jar is baked for 10 h at 100°C until a back pressure of less than 
1.5 x 10-7 mbar  is reached. By means of a liquid N 2 Meissner trap the pressure is 
further decreased to below 10- 7 mbar.  
(ii) The target is cleaned before deposit ion by presputter ing (15 min at 1.6 kV). 
(iii) The substrates are cleaned by glow discharge (10min at 500V) before 
deposit ion. 
The substrates are placed on a water-cooled substrate holder. Dur ing  
sputter ing the substrate holder attains an equi l ibr ium temperature of 150 °C after 
about  1 h. This temperature rise is caused mainly by electron heating from the 
plasma. 
Dur ing  growth a so-called hot absorpt ion layer is present 11 just above the 
condensing surface where the sputter atoms and the electrons from the plasma reach 
the surface. There is evidence that the surface temperature may be much higher than 
the measured substrate holder temperature 12. The growth process is mainly 
determined by the surface temperature of  the layer (at approx imate ly  500 °C 11. t 3). 
S tandard  size 10 mm x 10 mm substrates of Corn ing glass 7059, silicon wafers ([ 100] 
oriented) and for TEM examinat ion freshly cleaved mica sheets covered with a thin 
evaporated amorphous  carbon film are used. In order to obta in a good  h.c.p. 
structure with [001] perpendicular  to the substrate a very low back pressure (less 
than 10 7 mbar)  is necessary 6-8. The argon gas used must be of a very high purity 
(99.998~0). 
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Impur i t ies  cause  a decrease  in the c axis  o r ientat ion  and  are  d i rec t ly  not i ceab le  
in the magnet ic  p roper t ies ,  espec ia l l y  Sii. Use  of  the Me issner  t rap  gave Sil -- 0.03 
and  w i thout  the t rap  we obta ined  Sll -~ 0.06. In  add i t ion  it has  been shown ~ 3 that  a 
smal l  amount  of  res idua l  N z gas in the r.f. sput ter  chamber  promotes  the fo rmat ion  
of  the f.c.c, phase  in Co-Cr  f i lms wh ich  a lso  dest roys  the we l l -o r iented  h.c.p. 
s t ruc ture .  
3. INFLUENCE OF  THE SUBSTRATE 
Dur ing  every  run  we sput tered  Co-Cr  f i lms on  s i l icon,  g lass  and  mica  covered  
wi th  carbon .  The  in f luence of  the d i f ferent  subst ra tes  on  the c axis  o r ientat ion  is 
shown in F ig.  1. In  th is  f igure A05o is g iven as a funct ion  o f  the f i lm th ickness  for the 
mul t i ta rget .  The  d i f ference bqtween glass and  s i l i con is more  pronounced for th in 
layers .  Th is  d i f ference may be caused  by  the effect of  e lect r ica l  charge  on the 
e lec t r i ca l ly  insu la t ing  g lass  subst ra te  f rom the sput ter  p lasma.  
E lec t r i ca l ly  conduct ive  C /mica  subst ra tes  show approx imate ly  the same 
dependence  as the  s i l i con  subst ra te  a l though t e heat  conduct iv i ty  o f  C /mica  s jus t  
as low as  that  of  glass.  The  in f luence  of  the  subst ra te  is less apparent  for th icker  
layers.  These  resul ts  are  suppor ted  by the resu l ts  of  Sll measurements  on  the same 
layers  (F ig .  2). F rom our  o ther  magnet ic  measurements  a lso  we can conc lude  that  
the proper t ies  of  Co-Cr  sput tered  on C /mica  and  s i l icon are  pract i ca l ly  the same.  
It  was  found that  g low d ischarge  c lean ing  of  the subst ra te  is essent ia l  in o rder  to 
obta in  a we l l -o r iented  layer  d i rec t ly  f rom the  s tar t  of  g rowth .  Measurements  o f  A05o 
for a Co-Cr  layer  25 nm th ick  on  a c leaned and  an ord inary  s i l i con subst ra te  y ie lded  
va lues  of  1.5 ° and  5.5 ° respect ive ly .  Wi th  secondary  ion mass  spect rometry  it is c lear  
that  the in f luence  of  g low d ischarg ing  is main ly  the remova l  o f  impur i t ies  such as H,  
HzO and 02  f rom the surface.  I t  is unders tandab le  that  these impur i t ies  in f luence 
the growth  o f  the  layer .  F rom the l i te ra ture  it is known that  res idua l  g ses can  have  a
s t rong  in f luence on the c rys ta l  hab i t  ~3 and  in the case o f  Co-Cr  layers  an  f.c.c. 
s t ruc ture  14 has a l so  been observed .  
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F ig .  1. The  re la t ion  between the  ha l fw idth  ang le  A050 o f  the  X - ray  rock ingcurves  and  the  layer  th ickness  
fo r  var ious  subst ra tes :  A g lass ;  [S], s i l i con ;  O ,  C /mica .  
F ig .  2. The  in -p lane  remanence  SII as  a funct ion  o f the  f i lm th ickness  h fo r  var ious  subst ra tes  ( symbols  as 
in F ig .  1). 
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4. F ILM STRUCTURE 
4.1. X-ray diffraction 
Several Co -Cr  layers (15 at.~o Cr) 2~tm thick sputtered on C/mica were 
removed from their substrates and powdered in an agate mortar .  F rom this powder  
an X-ray diffraction spectrum was obtained at 35 kV and 40mA with Cu K 
radiation. On ly  the h.c.p, reflections were present in the Co Cr spectrum measured. 
The X-ray reflections present are given in Table II. A KCI  powder  was used as 
cal ibrat ing material  is. The lattice parameters a = 2.52/~ and c = 4.06/~ were 
calculated from the data given in Table II. These give a c/a ratio of 1.62 which is 
a lmost the same as the ratio for h.c.p. ~-Co t6. The 20 values for our  Co-Cr  show a 
small systematic shift with respect o those for c~-Co. 
TABLE II 
MEASURED X-RAY DATA FROM POWDERED SPUTTERED Co-CF  LAYERS COMPARED WITH DATA FOR n -Co  a 
Results fo r  powdered Co~-Cr Data for c~- Co 
Corrected 20()~c~ ) (deg)  Calculated (~)  d (~k) hki l  
41.46  2 .175 2 .165 10:f0 
44 .65  2 .030  2 .023 0002 
47 .36  1.919 1 .910 1011 
62 .53  1.485 1.48 1012 
75 .58  1.258 1.252 11~0 
84 .19  1 .150 1.149 10 i3  
1.083 20~0 
92 .23  1.069 1 _066 11 ~2 
94 .18  1.052 1.047 2021 
98 .78  1.015 1.015 0004 
" F rom ref. 16. 
4.2. Rocking curve method 
The preferred crystal lographic or ientat ion (texture) was examined by measur-  
ing the layers with a Philips texture goniometer  using Co K0t radiation. The {0002} 
and {10i l}  pole distr ibutions were measured with a pitch of 2.5 ° by means of the 
Schultz method  17. The {0002} pole figure shows only a very narrow distr ibution in 
the centre of the plot and that for {1011} (Fig. 3) consists of a nar row circular 
distr ibution which can be assigned to the [001] 1 ° orientation. Because these pole 
figures showed a high degree of rotat ional  symmetry  we decided to examine all other 
layers by the so-called rocking curve method where the specimen is scanned in a 
curved line instead of spirally as in the Schultz method.  In Fig. 4 the {0002} rocking 
curves are given for the initial layer (Fig. 4(a)) and for thick layers sputtered on 
silicon (Fig. 4(b)) and glass (Fig. 4(c)). F rom these curves the halfwidth angle A05o 
was determined. This angle represents the dispersion of the [001] direction (c axis) of 
the h.c.p, structure a round the normal  to the film plane. 
A050,for very thin layers (25 nm) is small (3 °) when the layers have been 
sputtered on silicon substrates (Fig. 4(a)). This means that the initial growth of the c 
axis is already highly oriented. In other words the initial layer grows with the {0002} 
plane parallel to the substrate. The relation between A0so and the film thickness for 
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var ious  subst rates  i given in Fig. 1. F rom this it can be seen that  A050 improves  
dur ing  growth  of  the film. For  a th ickness o f rnore  than 0.1 lain the c axis o r ientat ion  
for Co-Cr  f i lms on si l icon is a lmost  constant  (1.7°). F i lms sput tered on C /mica  show 
a s imi lar  behav iour ,  but those on glass have a much worse or ientat ion  at the start  
and A0so is not  constant  for th icknesses of up  to 1.5 lam. 
A~50.  
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Fig. 3. The { 10TI ) pole figure for Co-Cr  film (15 at.% Cr) 800 nm thick sputtered on silicon: IS], 20 ;  
[] ,  30%. The centre o f /he  plot indicates the film normal.  
Fig. 4. The {0002} X-ray rocking curves for sputtered Co-Cr  layers: (a) on silicon (25 nm; A0so = 2.8'i, 
(b) on silicon (800 rim; A0+0 = 1+6°); (c)on glass (800 nm; A0so = 5.06 ). 
Other  exper iments  were carr ied out  to invest igate whether  the init ial  layer  
a lways starts  growing  with the basal  {0002} h.c.p, p lanes paral le l  to the substrate.  A 
si l icon subst rate  was p laced at an angle of 45 ° to the substrate  ho lder  next to a 
normal ly  pos i t ioned  substrate.  There  was only a sl ight difference between the ~two 
sput tered layers of th ickness 25 nm. The d ispers ion of  the c axis o r ientat ion  was 5.5 ° 
and 3.0 ° respectively.  This def initely shows that  for sput tered Co Cr layers the 
{0002} h.c.p, p lane grows paral le l  to the substrate.  
4.3. Electron microscopy 
The crysta l  d iameter  was determined by means  of e lectron microscopy.  
Relat ively thin fi lms up to 200 nm were examined with a JEOL  200 CX microscope  
(200 kV). F i lms of th ickness up to approx imate ly  600 nm were studied with the high 
vo l tage (1000 kV) TNO electron microscope.  (This inst rument ,  des igned and  con- 
s t ructed at the Inst i tute  of App l ied  Physics TNO-TH Delft, has been instal led at 
the Meta l  Research Inst i tute TNO,  Ape ldoorn . )  
The crysta l  d iameter  on the surface was determined by a repl ica technique as 
well as from images made with the JEOL  200 CX microscope in the SEM mode.  The 
fi lms measured  by t ransmiss ion  microscopy  were sput tered on freshly c leaved mica 
subst rates  covered with a thin amorphous  evaporated  layer of carbon  (thickness, 
approx imate ly  30 nm). After the layer had been cut into pieces they were d ipped 
in water  for separat ion  from the mica and mounted  on grids. In Fig. 5 the br ight  
field and  e lectron di f f ract ion images from the init ial  layer and relat ively thick layers 
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(a) (b) 
(c) [d) 
Fig. 5. Transmiss ion electron micrographs (high voltage electron microscope) and the corresponding 
diffraction patterns for sputtered Co Cr layers of various thicknesses : (a) 25 nm ; (b) 200 rim; (c~ 400 nm; 
(d) 600 nm. 
R.F . -SPUTTERED Co-Cr  FOR MAGNETIC  RECORDING.  I 67 
are shown. F rom the diffraction patterns' i t  can be seen that only h.c.p, reflections 
were present. 
The crystal d iameter was determined as a funct ion of the layer thickness by 
microscopic examination.  The crystal d iameter appears to increase with the film 
thickness (Fig. 6). A two-stage replica technique for imaging the surface structure of 
Co-Cr  layers was used for very thick layers (above 0.5 p.m). First a negative replica is 
made with Technovite (type 4071) and from this the final positive replica is prepared 
using carbon and plat inum shadowing. After the Technovite has been dissolved the 
final replica can be studied. A typical electron micrograph is shown in Fig. 7. 
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F ig .  6. The  c rys ta l  s i ze  D as  a funct ion  o f  the  layer  th ickness  h: Q, multitarget; O, a l loyed  ta rget .  
Cross-sectional structures_can be observed with the JEOL  200 CX microscope 
in the SEM mode. These samples are prepared by cool ing the specimen in liquid N 2 
before breaking it to obtain a brittle fracture. Figure 8 shows the cross-sectional 
structure of a Co-Cr  film 2 jam thick sputtered on silicon. Such micrographs do not 
show a columnar- l ike morpho logy  as can mainly be seen in other, relatively thick, 
sputtered layers (see for instance ref. 18). F rom these and the TEM examinat ion we 
concluded that the crystals tend to be conical ly shaped (Section 5). 
5.  D ISCUSSION OF  THE F ILM MORPHOLOGY AND STRUCTURE 
The film structure is usually described by its two most  important  properties : the 
crystal lographic (preferred) or ientat ion (or texture) and the morpho logy  (crystal size 
and shape). These two features of thin films are often described independent ly I 8-21 
but sometimes there is a strong relation between them. Especially in the case of  the 
"survival of the fastest" model  19 the morpho logy  is strongly determined by the 
crystal lographic or ientat ion;  i.e. the film or ientat ion is finally given by the 
crystal lographic axis which grows the fastest. In the h.c.p, structure this is the 
[001] axis. 
With physical vapour  deposit ion techniques these properties are more  or less 
determined by the process involved, i.e. in sputter ing by the process parameters:  
sputter rate, substrate temperature,  contaminat ion  and argon pressure. Here it is 
assumed that the argon pressure used does not influence the film properties. At 
higher pressures the c axis or ientat ion is disturbed 8. It is also assumed that the rate 
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Fig. 7. An ind i rect  rep l ica  of a Co  Cr layer  1 I Jmth ick .  
of depos i t ion  by  evaporat ion  22 or  by  severa l  sput ter ing  methods  6 8,23 does  not  
effect the  perpend icu la r  c axis  o r ientat ion .  F rom this it can  be seen that  a 
perpend icu la r  c axis  o r ientat ion  is Obta ined  at ra tes  between 0.2 and  600 nms ~. it  
is not  yet  c lear  whether  the depos i t ion  rate  in f luences  the f i lm morpho logy  of  Co-Cr  
fi lms, However ,  it has  been shown t 8 that  the morpho logy  of  one-phase  layers  does  
not  change in a w ide  range  of  depos i t ion  rates.  
The  most  impor tant  parameter ,  but  un for tunate ly  a lso  the  most  e lus ive  
parameter  in the case of  sput ter ing ,  is the  temperature .  In  r.f. sput ter ing ,  thc  sur face  
temperature ,  i.e. at wh ich  the f i lm fo rmat ion  takes  p lace,  is p redominant ly  
determined by three  fac tors  wh ich  are  of  the same order  of  magn i tude:  (i) the 
temperature  of  the subst ra te  ho lder ,  (ii) the  temperature  produced by heat  f rom the 
condens ing  a toms and  (iii) the temperature  produced by heat ing  f rom the sput ter  
p lasma,  ma in ly  by the e lect rons .  Th is  complex  heat  mechan ism not  on ly  makes  it 
di f f icult  to determine  an  accurate  sur face temperature  (whatever  th is  may mean)  but  
a lso  imp l ies  that  h is  temperature  wil l  not  be s ta t ionary  dur ing  the sput ter  run.  The  
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surface temperature in r.f. sputter ing was determined by measur ing the h.c.p.-f.c.c. 
transit ion temperature and compar ing  this with bulk data for Co-Cr  and was found 
to be 550 °C higher than the measured substrate temperature 12. However,  surface 
format ion should not be compared  directly with bulk formation.  Besides the 
unknown deposit ion temperature there is also some ambiguity  in the literature 
about  the dependence of the c axis or ientat ion on the substrate temperature v" s. 
Despite this uncertainty about  the temperature the overall picture of our  films 
is quite consistent and shows clear features of  the film growth. First, the c axis 
Fig.  8. Cross -sect iona l  SUM image o fa  Co-Cr  layer  2 pm lh ick  spu l te red  on  s i l icon.  
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orientat ion is excellent, being independent of the film thickness from very thin films 
up to a film thickness of a few microns. Secondly, the grain size increases 
cont inuous ly  with the film thickness as measured for films in the range 25-2000 nm. 
After 1 h a constant  substrate temperature of 150 °C is reached with a sputter ate of 
0.2 nm s 1. The thickness range examined far exceeds the value measured when the 
temperature became stationary. Therefore it is assumed that dur ing film growth the 
t 
surface temperature can be considered as constant ;  i.e. at least temperature 
variat ions are too small to cause different growth characteristics. The relative 
surface temperature (relative to the melt ing point) was evaluated as about  0.3 0.5. 
The excellent c axis or ientat ion of the nuclei probably  originates from the 
tendency to condense with the most  densely populated crystal planes, the {0002} 
planes, parallel to the substrate. This is supported by the excellent c axis or ientat ion 
(A0so = 5 °) of a Co-Cr  film 25 nm thick, sputtered on a silicon substrate which was 
placed at an angle of  45 ° to the substrate holder. 
The preferred or ientat ion is mainta ined as the film thickness is increased. This 
could be caused by a mechanism of self-epitaxy. In this case, however, the 
or ientat ion would deteriorate with increasing film thickness ~ 9. It is more likely that 
this normal  c axis or ientat ion is mainta ined because it is also the fastest growing 
crystal lographic or ientation. It has been shown 19 that a certain crystal lographic 
or ientat ion can arise from a mechanism described as "'the survival of the fastest", i.e. 
the crystallites with the fastest growing axis (perpendicular to the substrate) survive, 
suppressing crystallites with other orientations. This type of layer is therefore 
recognizable by a poor ly  oriented initial layer, as is the case when glass substrates 
are used for Co-Cr  (see Fig. 1). However,  when silicon or C/mica substrates are used 
the first nuclei are immediately proper ly oriented which means that the film grows 
a long its fastest direction from the very beginning, 
Now the quest ion remains:  Why does the crystal diameter increase with the 
film thickness? In the case of the "survival of the fastest" there is a simple mechanism 
which explains this feature. In our case there has to be a different cause. A formal 
reason could be the crystal boundary  energy; i.e. by increasing the crystal d iameter 
the energy density is decreased. This, however, does not explain how some crystals 
grow at the expense of others. 
F rom our  SEM and replica micrographs  it can be concluded that there is a large 
statistical var iat ion in the crystal diameter. Fur thermore  the crystal boundar ies do 
not show any intermediate layer or separat ion,  the crystallites being very close. A 
simple explanat ion could therefore be that the average increase in the crystal 
d iameter is just governed by statistical rules. The relative surface temperature,  of the 
order  of 0.4, is in the range where surface diffusion is believed to be the dominant  
factor ~a. Therefore a statistical var iat ion in the local flux at the individual 
crystall ites may result in the increase of the "'highest" at the expense of the "'lowest" 
crystals which is made possible by the surface diffusion; i.e. the crystallites are 
capable of growing sideways unhindered by intermediate crystallite layers. Clearly 
this effect is self-enhancing. 
6. RELAT ION TO THE MAGNETIC  PROPERTIES  
Perpendicular  magnet ic  recording necessitates a perpendicular magnet ic  
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an isot ropy of the layers. Our  Co-Cr  films had a large magnetocrystal l ine an isotropy 
with the c axis of the h.c.p, structure oriented perpendicular ly to the film. We 
measured Ms and the uniaxial magnet ic  an isotropy constants K1 and Kz with a 
vibrating sample magnetometer  (VSM) and a torque meter respectively (see Part  II). 
The in-plane and perpendicular  M-H loops measured with the VSM are given in 
Fig. 9. Owing to the excellent preferred c axis or ientat ion the in-plane hysteresis loop 
is marked  by a small in-plane remanence ratio Sit = 0.04 and a strong anisotropy 
field H k. This field depends on the film composi t ion and varied for our films between 
3 and 7 kOe. 
The relation between the in-plane remanence and the film thickness for three 
different ypes of substrate is given in Fig. 2. In part icular the initial layer sputtered 
on silicon shows a small in-plane remanence caused by the perpendicular  
or ientat ion of the an isotropy axis. Films sputtered on C/mica exhibit approximately  
the same behaviour  as those deposited onto  silicon. The min imum in-plane 
remanence is obtained for films sputtered on silicon to a thickness of 300 nm or 
more, while for C/mica substrates the opt imum film thickness is 600 nm or more. 
Above these thicknesses there is no change observed up to 2 Itm. Using a glass 
substrate the best remanence is achieved at a thickness of approx imate ly  800 nm. We 
have already shown by X-ray diffraction that the qual ity o fc  axis or ientat ion (A05o) 
was extremely good even for thin layers (see Fig. 1). In Fig. 10 the in-plane 
remanence is given as a function of the dispersion A0s0 of the h.c.p, c axis 
orientation. The data plotted in this figure correspond to films which were sputtered 
at var ious values of parameters uch as the thickness, argon pressure and sputter 
voltages. The correlat ion between A05o and Sii is manifest and this supports the 
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conclus ion drawn from our torque measurements (see Part II) that the anisotropy of 
Co-Cr  films originates from crystal anisotropy. 
7. CONCLUSIONS 
Independent ly of  the layer thickness our sputtered Co-Cr  layers on sil icon 
substrates have an h.c.p, structure with the [001]  c axis perpendicular to the 
substrate. In order to start directly with a correct orientation it is essential to clean 
the substrates by the g low discharge method.  
The c/a ratio calculated from X-ray data is 1.62. This is a lmost the same as the 
ratio for h.c.p, or-Co. The type of substrate influences the growth of the initial layer. 
The growth model  for our layers is based on the tendency of the atoms in Co-Cr  to 
condense preferentially with the most  densely packed crystal plane, the {0002} 
plane, parallel to the substrate, which also corresponds to the direction of  fastest 
growth. 
The formation of the layer takes place in the range where surface diffusion is the 
dominant  factor. The crystal size increases a lmost linearly with the film thickness. 
We propose the mechanism for crystal growth to be a statistical variation in the local 
flux at the individual crystallites, but it may  also be influenced by a lowering of  the 
grain boundary  energy. 
The morpho logy  of  our layers shows that they consist of conical ly shaped 
crystals. The magnetic anisotropy axis coincides with the c axis of  the crystals. 
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